
US 20030135849A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2003/0135849 A1 

Sakata et al. (43) Pub. Date: Jul. 17, 2003 

(54) PROGRAM CONVERSION APPARATUS, 
PROGRAM CONVERSION METHOD, AND 
COMPUTER PROGRAM FOR EXECUTING 
PROGRAM CONVERSION PROCESS 

(76) Inventors: Toshiyuki Sakata, Osaka-shi (JP); 
Taketo Heishi, Osaka-shi (JP); Hajime 
Ogawa, Suita-shi (JP); Shohei 
Michimoto, Takatsuki-shi (JP); Shuichi 
Takayama, TakaraZuka-shi (JP) 

Correspondence Address: 
SNELL & 
Suite 1920 

WILMER LLP 

1920 Main Street 
Irvine, CA 92614-7230 (US) 

(21) 

(22) 

Appl. No.: 

Filed: 

(30) 

Dec. 11, 2001 

10/315,s77 

Dec. 10, 2002 

Foreign Application Priority Data 

(JP) .................................... .. 2001-377886 

Publication Classi?cation 

(51) Im. c1? ..................................................... .. G06F 9/44 

(52) Us. 01. ............................................................ ..717/162 

(57) ABSTRACT 

A compiling unit (110) generates inde?nite branch informa 
tion showing that an instruction set to be selected is inde? 
nite, instead of generating a branch instruction. A linking 
unit (130) generates an appropriate direct addressing branch 
instruction by judging Whether an instruction set used at a 
branch source and an instruction set used at a branch 

destination are the same. Also, one reference instruction set 
is determined. The compiling unit (110) adds a mode adjust 
ing instruction that belongs to the reference instruction set 
and that is for causing a branch to an instruction placed at a 
branch destination and for selecting the instruction set that 
is originally to be selected. The mode adjusting instruction 
provides an alternative branch destination corresponding to 
an original branch destination, and the compiling unit (110) 
generates an indirect addressing branch instruction for caus 
ing a branch to the alternative branch destination and for 
selecting the reference instruction set. 
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PROGRAM CONVERSION APPARATUS, 
PROGRAM CONVERSION METHOD, AND 
COMPUTER PROGRAM FOR EXECUTING 
PROGRAM CONVERSION PROCESS 

BACKGROUND OF THE INVENTION 

[0001] (1) Field of the Invention 

[0002] The present invention relates to a program conver 
sion apparatus and a program conversion method, and in 
particular to a technique for generating a program by selec 
tively using a plurality of instruction sets. 

[0003] (2) Description of the Related Art 

[0004] Processors that have been conventionally commer 
cialiZed select one of a plurality of instruction sets dynami 
cally, by executing a particular branch instruction, and 
interpret and execute machine instructions according to the 
selected instruction set. 

[0005] As one example of such, there is a processor that 
dynamically selects one of an HD (High-Density) instruc 
tion set and an HS (High-Speed) instruction set, and operates 
according to the selected instruction set. An HD instruction 
set is composed of machine instructions that can be aligned 
on the byte boundary. An HS instruction set is composed of 
machine instructions that can be aligned only on the Word 
boundary. 
[0006] Due to the different alignment boundary, an HS 
instruction occupies a larger code siZe than an equivalent 
HD instruction, Whereas an HS instruction is executed at 
higher speed than an equivalent HD instruction. 

[0007] Taking advantage of such characteristics of both 
the instructions, a program can be generated by using an HS 
instruction for a program part that occupies relatively a 
small code siZe With respect to the entire program and that 
is executed With high frequency, and using an HD instruc 
tion for the other program part, and can be executed by the 
processor. By doing so, the program siZe can be prevented 
from increasing, and the execution time can be shortened. 

[0008] FIGS. 15A and 15B shoW examples of source 
programs described by taking advantage of such character 
istics of the instructions. These source programs are 
described in C language. A pragma directive “#pragma_ 
func_mode_XX (XX is HD or HS)” described in each of 
these source programs directs a compiler according to a 
conventional technique to compile the source program 
described to folloW this directive into a machine instruction 
sequence that belongs to an XX (XX is HD or HS) instruc 
tion set. It is assumed here that such a pragma directive is 
provided for every function. Based on the pragma directive, 
a function “f” is compiled into an HD instruction sequence, 
and a function “g” is compiled into an HS instruction 
sequence. 

[0009] Hereafter, the processor that is in a state Where an 
HD instruction is being selected is referred to as the pro 
cessor being in an operation mode of an “HD mode”, and the 
processor that is in a state Where an HS instruction is being 
selected is referred to as the processor being in an operation 
mode of an “HS mode”. Also, a function that is to be 
compiled into an HD instruction sequence is referred to as 
an “HD function”, and a function that is to be compiled into 
an HS instruction sequence is referred to as an “HS func 
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tion”. The particular branch instruction mentioned above is 
an instruction for causing a branch With mode change, and 
is hereafter referred to a “branch-With-mode-change instruc 
tion”. 

[0010] FIG. 16 shoWs examples of branch instructions. 
An “instruction” ?eld 351 stores a mnemonic that represents 
a branch instruction, an “operand” ?eld 352 stores an 
operand that can be included in the branch instruction, and 
a “feature” ?eld 353 stores a feature of the branch instruc 
tion. These branch instructions can be included in an HD 
instruction set and in an HS instruction set. 

[0011] As shoWn in the “feature” ?eld 353, the operation 
mode of the processor (i.e., the instruction set currently 
selected by the processor) is changed When “brc”, “jmpc”, 
“callc”, and “ret” instructions are executed. The operation 
mode of the processor is maintained When “jmp”, and “call” 
instructions are executed. 

[0012] FIGS. 17A and 17B shoW assembler programs that 
the conventional compiler generates for the source programs 
shoWn in FIGS. 15A and 15B. As is Well knoWn, the 
conventional compiler generates, in addition to machine 
instruction sequences represented by the assembler pro 
grams, symbol information (not shoWn) about a label that 
alloWs external reference. 

[0013] The folloWing is a supplemental explanation on the 
assembly program shoWn in FIG. 17A. The conventional 
compiler judges, for a function call “g( );” and a function call 
“func=&g; (*func) ( );” described in the function “f” shoWn 
in FIG. 15A, Whether an instruction set of the caller function 
“f” and an instruction set of the callee function “g” are the 
same or not, based on the pragma directive described in each 
of the source programs. Then, the compiler judges that the 
instruction sets are not the same, and compiles the function 
call “g( );” into an instruction for a subroutine call With 
mode change “callciOg” that is for causing a branch using 
direct addressing and for changing the operation mode of the 
processor, and compiles the function call “func=&g; (*func) 
( );” into an instruction for a subroutine call With mode 
change “callc R0” that is for causing a branch using indirect 
addressing and for changing the operation mode of the 
processor. Hereafter, an instruction for a subroutine call With 
mode change is referred to as a “mode-changing subroutine 
call instruction”. 

[0014] On the other hand, if judging that the instruction set 
of the caller function and the instruction set of the callee 
function are the same, the compiler compiles each of those 
function calls into an instruction for a subroutine call 
instruction “call” that maintains the operation mode of the 
processor. 

[0015] Alinkage editor (or simply a “linker”) according to 
a conventional technique links the object programs shoWn in 
FIGS. 17A and 17B, to generate an executable program (not 
shoWn) that is executable by the processor. 

[0016] In this Way, a compiler conventionally judges 
Whether to generate a subroutine call instruction for main 
taining the operation mode or a mode-changing subroutine 
call instruction for changing the operation mode. According 
to the judgment result, the compiler selectively generates 
one of a “call” instruction and a “callc” instruction. 

[0017] HoWever, as one disadvantage, a compiler and a 
linker according to the conventional technique cannot judge 
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Which one of a “call” instruction and a “callc” instruction is 
to be generated for a function call, until an instruction set of 
its caller function and an instruction set of its callee function 
are de?nite, and accordingly, cannot compile the function 
call until then. 

[0018] Also, as another disadvantage, When a source pro 
gram. including a callee function is recompiled and conse 
quently an instruction set of the callee function is changed, 
a “call” instruction that has already been generated for a 
function call to call the callee function needs to be changed 
to a “callc” instruction, and vice versa. This means that a 
source program that includes the function call procedure 
also needs to be recompiled. 

[0019] The ?rst problem therefore is that softWare devel 
opment ef?ciency may be degraded by the disadvantages 
explained above. 

[0020] Further, for a branch instruction using indirect 
addressing, its branch destination may differ every time 
When the branch is executed. The second problem therefore 
is that a subroutine call instruction using indirect addressing 
inherently may not function correctly, regardless of Whether 
a “call” instruction or a “callc” instruction is generated. 

[0021] These problems are not limited to such a function 
call as explained above, but may also occur in a typical 
branch to a label that alloWs external reference. 

SUMMARY OF THE INVENTION 

[0022] The present invention has been made to resolve the 
above problems. A ?rst object of the present invention is to 
provide a program conversion apparatus composed of a 
compiler and a linker that can compile a source program 
including a branch source at the time When an instruction set 
of a branch destination is inde?nite, and that is not required 
to recompile a source program including a branch procedure 
even When an instruction set of its branch destination is 
changed. 

[0023] Also, a second object of the present invention is to 
provide a program conversion apparatus for generating an 
executable program that includes a branch instruction using 
indirect addressing and that functions correctly. 

[0024] (1) The program conversion apparatus of the 
present invention is an apparatus targeting a proces 
sor that dynamically selects one of a plurality of 
instruction sets by executing a branch-With-mode 
change instruction and interprets and executes a 
machine instruction according to the selected 
instruction set, the program conversion apparatus 
compiling a ?rst source program that describes an 
external entry into a ?rst machine instruction 
sequence and a second source program that describes 
a branch procedure to the external entry into a 
second machine instruction sequence, and linking a 
plurality of machine instruction sequences including 
the ?rst and second machine instruction sequences, 
to generate an executable program, each of the ?rst 
and second machine instruction sequences being 
composed of one or more machine instructions that 
each belong to one of the instruction sets, the pro 
gram conversion apparatus including: a ?rst-instruc 
tion-set-information generating unit operable to gen 
erate ?rst instruction set information When the ?rst 
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source program is compiled, the ?rst instruction set 
information shoWing an instruction set to Which a 
machine instruction for executing a procedure 
described at the external entry belongs; an inde?nite 
branch-information generating unit operable to gen 
erate inde?nite branch information When the second 
source program is compiled, the inde?nite branch 
information shoWing a location at Which a branch 
instruction for executing the branch procedure is to 
be placed, and shoWing that an instruction set to 
Which a machine instruction placed at the external 
entry belongs is inde?nite; and a branch instruction 
generating unit operable to generate the branch 
instruction for executing the branch procedure, using 
a branch-With-mode-change instruction for making 
the processor select the instruction set shoWn by the 
?rst instruction set information, at the location 
shoWn by the inde?nite branch information, When 
the plurality of machine instruction sequences are 
linked According to this construction, the program 
conversion apparatus generates the inde?nite branch 
information, at the time of compiling, instead of 
generating a branch instruction for making the pro 
cessor select a de?nite instruction set. Therefore, 
even When an instruction set of an instruction placed 
at a branch destination is inde?nite, the apparatus 
can compile a source program including a descrip 
tion of a branch to the branch destination. 

[0025] At the time of linking, the apparatus generates a 
branch instruction for making the processor select an appro 
priate instruction set, using the ?rst instruction-set informa 
tion and the inde?nite branch information. Therefore, even 
When re-linking is to be performed after a source program 
including a description of the branch destination is recom 
piled and consequently the ?rst instruction-set information is 
changed, the inde?nite branch information is not required to 
be changed, and so a source program including a description 
of a branch to the branch destination does not need to be 
recompiled. 

[0026] (2) The program conversion apparatus accord 
ing to the item (1) may further include a second 
instruction-set-information generating unit operable 
to generate second instruction set information When 
the second source program is compiled, the second 
instruction set information shoWing an instruction 
set to Which the branch instruction for executing the 
branch procedure is to belong, Wherein the branch 
instruction generating unit (a) generates the branch 
instruction for executing the branch procedure, using 
the branch-With-mode-change instruction only in a 
case Where the instruction set shoWn by the ?rst 
instruction set information and the instruction set 
shoWn by the second instruction set information are 
different, and (b) generates the branch instruction for 
executing the branch procedure, using a branch 
Without-mode-change instruction for making the 
processor maintain a currently selected instruction 
set, in the other cases. 

[0027] According to this construction, the same effects as 
speci?ed in the item (1) can be produced. 

[0028] (3) The program conversion apparatus accord 
ing to the item (1) maybe an apparatus operating 






























